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DESCRIPTION 



TITLE OF THE INVENTION 
5 CHANNEL ESTIMATION UNIT, AND CDMA RECEIVER AND 

CDMA TRANSCEIVER WITH CHANNEL ESTIMATION UNIT 

TECHNICAL FIELD 

The present invention relates to an apparatus 

10. that has a plurality of slots and makes channel 
estimation (propagation path estimation) of data 
symbols from pilot symbols in a combined symbol 
sequence including the data symbols and pilot 
symbols, and a CDMA (Code Division Multiple Access) 

15 receiver and CDMA transmitter with the apparatus. 

BACKGROUND ART 

In a mobile communications environment, 
amplitude and phase fluctuations in a traffic 

20 channel can occur because of Rayleigh fading due to 
changes in the relative location between a mobile 
station and a base station. Thus, in a conventional 
phase modulation scheme that transmits data 
(information) by the phase of a carrier, it is • 

25 common for a transmitting side to carry out 
differential encoding of transmitted data for 



- 1 - 



impressing the data on relative phases of 
neighboring symbols, and for a receiving side to 
discriminate and decide the data by differential 
detection. 

However, since the transmitted data is subjected 
to the differential encoding as mentioned above, a 
one-bit error in a radio section appears as a two- 
bit error in the differential detection, thereby 
increasing the receiving error rate by 3 dB in terms 
of the SNIR ( Signal- to-Noise Interference power 
Ratio) as compared with coherent detection like 
binary phase-shift keyed modulation (BPSK 
modulation) . 

On the other hand, although absolute coherent 
detection, which discriminates and decides the phase 
of a received signal using the absolute phase of 
each data symbol, has a highly efficient receiving 
characteristic, it is difficult under the Rayleigh 
fading environment to decide the absolute phase of 
the reception. 

In regard to this matter, reference 1, Seiichi 
Sampei and Teriami Sunaga, "Rayleigh Fading 
Compensation for QAM in Land Mobile Radio 
Communication", IEEE Trans. Vehicular Technol . , VT- 
42, No. 2, May 1993 proposes a method of estimating 
and compensating for fading distortion using pilot 



symbols that are inserted in data symbols at fixed 
intervals, and have known phases. In the reference 
1, a pilot symbol is inserted at every several data 
symbols so as to carry out the channel estimation 
based on the received phase of the pilot symbol. 
More specifically, using the pilot symbols before 
and after the data symbol section, the method 
measures the amplitude and phase of a received 
signal of each path of each user, and estimates and 
compensates for channel fluctuations in the data 
symbol section by interpolating the values measured. 

On the other hand, reference 2, Hidehiro Ando et 
al., "Channel Estimation Filter Using Time- 
Multiplexed Pilot Channel for Coherent RAKE 
Combining in DS-CDMA Mobile Radio", lEICE Trans. 
Commun. Vol. 81-B, No. 7, July 1998 proposes a 
method of carrying out channel estimation with 
higher accuracy by performing the channel estimation 
using more pilot symbols. 

Fig. 11 illustrates a channel estimation method 
disclosed in the reference 2. This method carries 
out transmission power control on a slot by slot 
basis to follow instantaneous Rayleigh fluctuations. 
Accordingly, as shown in Fig. 11, the amplitude 
(power) of a combined symbol sequence consisting of 
the data symbols and pilot symbols varies slot by 



slot, and its phase also varies slightly due to the 
operation of an amplifier in transmission. Such 
transmission power control enables a reverse channel 
of the DS-CDMA (Direct Sequence CDMA) to maintain 
5 the SNIR against interference signals due to cross- 
correlation from other users. 

The channel estimation of data symbols is 
performed using the pilot symbols inserted into the 
data symbols at fixed intervals. More specifically, 

10 it obtains its channel estimates ^ by averaging 
(coherently adding) pilot symbols ^ (estimated 
complex fading envelope) in multiple slots before 
and after the slot to which the data symbols to be 
estimated belong, and then by siamming the averages ^ 

15 weighted by weighting factors a. Highly accurate 
channel estimation is carried out in this manner. 

With such channel estimation using many pilot 
symbols belonging to different slots, this method 
can achieve the channel estimation at higher 

20 accuracy. This is because although the power of the 
pilot symbols fluctuates in the multiple slots, and 
channel estimation error takes place due to the 
power fluctuations, an effect of reduction in 
thermal noise and interference signals obtained by 

25 using pilot symbols in many slots is greater than 
the channel estimation error. 
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However, it is difficult for the method of the 
reference 2 to achieve the channel estimation with 
further accuracy because it considers the channel 
fluctuations in the individual slots are small, and 
5 obtains the channel estimates ^ using the same 

weighting factor a for all the data symbols in each 
slot. 

For example, as shown in Fig. 11, this method 
uses, even for the (m-A) th data symbol or the 

10 (m+B)th data symbol in the nth slot, where A and B 
are natural numbers, the same weighting factors 
a(0), a{l) and the like to obtain their channel 
estimates ^ (n) . 

However, with regard to the (m-A)th data symbol, 

15 it will be reasonable to assign a greatest weight to 
the pilot symbols in the nth slot because they are 
closest (in time) to the (m-A)th data symbol, and 
hence best reflect the channel state at the time the 
data symbol is transmitted. 

20 In contrast with this, with regard to the 

(m+B)th data symbol, it will be reasonable to assign 
a greatest weight to the pilot symbols in the 
(n+l)th slot because they are closest (in time) to 
the (m+B)th data symbol, and hence best reflect the 

25 channel state at the time the data symbol is 
transmitted. 
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Thus, the channel estimates should be obtained 
by assigning proper weighting factors to individual 
data symbols even though they belong to the same 
slot. 

5 Fig. 12 illustrates an example of received 

envelope fluctuations due to fading. Points 1205, 
1210, 1215, 122 0 and 1225 indicate in fast fading 

* 

the values of a received envelope at fixed time 

intervals. Points 1255, 1260, 1265 and 1270 
10 indicate in slow fading the values of a received 

envelope at the same fixed time intervals. 

The received envelope fluctuations are greater 

in the fast fading than in the slow fading. 

Accordingly, it is important especially in the fast 
15 fading to carry out the highly accurate channel 

estimation by assigning proper weighting factors to 

individual data symbols even though they belong to 

the same slot. 

20 DISCLOSURE OF THE INVENTION 

The present invention is implemented to solve 
the foregoing problems. It is therefore an object 
of the present invention to achieve highly accurate 
channel estimation by obtaining highly accurate 

25 channel estimates by assigning appropriate weighting 
factors to individual data symbols in the same slot. 
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and by calculating a sum of appropriately weighted 
pilot symbols in respective slots before and after 
the slot the data symbols belong to, when carrying 
out the channel estimation of the data symbols. 
5 The highly accurate channel estimation and 

compensation for channel fluctuations in the data 
symbols based on the channel estimation make it 
possible for the absolute coherent detection to 
decide the absolute phase of each data symbol even 

10 in the Rayleigh fading environment, which can reduce 
the SNIR for achieving desired receiving quality 
{receiving error rate) . This can reduce the 
transmission power, and increase the capacity of a 
system in terms of the nimber of simultaneous 

15 subscribers. 

In order to accomplish the object 
aforementioned, according to the invention as 
claimed in claim 1, a channel estimation unit for 
obtaining channel estimates of data symbols from 

20 pilot symbols in a combined symbol sequence which 
has a plurality of slots and includes the data 
symbols and the pilot symbols, comprises: 

means for locating the pilot symbols in the 
combined symbol sequence; 

25 means for generating pilot blocks by extracting 

the pilot symbols from two or more slots in the 
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combined symbol sequence in accordance with a 
located result; and 

means for obtaining the channel estimates of the 
data symbols by calculating a weighted sum of 
5 averages of the pilot symbols in the individual 
pilot blocks, 

wherein a magnitude of weighting differs between 
at least two data symbols in each slot. 

According to the invention as claimed in claim 
10 2, a CDMA receiver which receives a combined symbol 
sequence that is spread, has a plurality of slots, 
and includes data symbols and pilot symbols, and 
which generates a data sequence, comprises: 

means for receiving the spread combined symbol 
15 sequence; 

means for generating a combined symbol sequence 
by despreading the spread combined symbol sequence; 

means for locating the pilot symbols in the 
combined symbol sequence; 
20 means for generating pilot blocks by extracting 

the pilot symbols from two or more slots in the 
combined symbol sequence in accordance with a 
located result; 

means for obtaining channel estimates of the 
25 data symbols by calculating a weighted sum of 
averages of the pilot symbols in the individual 
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.pilot blocks; 

means for obtaining a data symbol sequence by 
eliminating the pilot symbols from the combined 
symbol sequence in accordance with the located 
result; 

means for compensating for channel fluctuations 
in the data symbol sequence by using the channel 
estimates of the data symbols; and 

means for generating the data sequence by 
demodulating the data symbol sequence compensated 
for, 

wherein a magnitude of weighting differs between 
at least two data symbols in each slot. 

According to the invention as claimed in claim 
3, a CDMA transceiver including a transmitting- 
processor and a receiving processor, comprises: 

means for generating a data symbol sequence by 
modulating a data sequence; 

means for generating a combined symbol sequence 
by inserting pilot symbols into the data symbol 
sequence; 

means for generating a spread combined symbol 
sequence by spreading the combined symbol sequence; 
and 

means for transmitting the spread combined 
symbol sequence. 



wherein the spread combined symbol sequence to 

be transmitted has a plurality of slots, and 

the receiving processor comprises: 

means for receiving the spread combined symbol 
5 sequencer- 
means for generating the combined symbol 

sequence by despreading the spread combined symbol 

sequencer- 
means for locating the pilot symbols in the 
10 combined symbol sequencer- 
means for generating pilot blocks by extracting 

the pilot symbols from two or more slots in the 

combined symbol sequence in accordance with a 

located result; 
15 means for obtaining channel estimates of the 

data symbols by calculating a weighted sum of 

averages of the pilot symbols in the individual 

pilot blocks; 

means for obtaining a data symbol sequence by 
20 eliminating the pilot symbols from the combined 

symbol sequence in accordance with the located 

result; 

means for compensating for channel fluctuations 
in the data symbol sequence by using the channel 
25 estimates of the data symbols; and 

means for generating the data sequence by 
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demodulating the data symbol sequence compensated 
for, 

wherein a magnitude of weighting differs between 
at least two data symbols in each slot. 
5 According to the invention as claimed in claim 

4, in the CDMA transceiver as claimed in claim 3, 
the transmitting processor further comprises means 
for inserting into the data symbol sequence a power 
control symbol sequence for controlling power of the 

10 data symbols and pilot symbols. 

According to the invention as claimed in claim 

5, in the CDMA transceiver as claimed in claim 4, 
the receiving processor further comprises means for 
measuring from the pilot symbols a signal-to-noise 

15 and interference power ratio, and for generating the 
power control symbol sequence from the signal-to- 
noise and interference power ratio. 

According to the invention as claimed in claim 

6, in the CDMA transceiver as claimed in any one of 
20 claims 3-5, the receiving processor further 

comprises means for extracting, from the data symbol 
sequence compensated for, the power control symbol 
sequence for controlling power of the data symbols 
and pilot symbols, and the means for transmitting 
25 the spread combined symbol sequence transmits the 
spread combined symbol sequence in accordance with 
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the power control symbol sequence . 

According to the invention as claimed in claim 

7, in the equipment as claimed in any one of claims 
1-6, the power of the data symbols and pilot symbols 

5 is controlled on a slot by slot basis. 

According to the invention as claimed in claim 

8, in the equipment as claimed in any one of claims 
1-7, the number of data symbols included in each 
slot of the combined symbol sequence is the same, 

10 and the number of pilot syrnbols included in each 
slot of the combined symbol sequence is the same. 

According to the invention as claimed in claim 

9, in the equipment as claimed in any one of claims 
1-8, the pilot blocks each consist of all the pilot 

15 symbols in each slot. 

According to the invention as claimed in claim 

10, in the equipment as claimed in any one of claims 
1-9, when obtaining the channel estimates of the 
data symbols in an nth slot in the combined symbol 

20 sequence, where n is an integer, the pilot blocks 

are generated from (n-K+l)th slot to (n+K) th slot in 
the combined symbol sequence, where K is a natural 
niomber . 

According to the invention as claimed in claim 
25 11, in the equipment as claimed in any one of claims 
1-10, the pilot blocks closer to the data symbol 
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with which the channel estimate is to be obtained 
have a greater weight. 

According to the invention as claimed in claim 

12, a channel estimation method of obtaining channel 
5 estimates of data symbols from pilot symbols in a 

combined symbol sequence which has a plurality of 
slots and includes the data symbols and the pilot 
symbols, comprises the steps of: 

locating the pilot symbols in the combined 
10 symbol sequence ; 

generating pilot blocks by extracting the pilot 
symbols from two or more slots in the combined 
symbol sequence in accordance with a located result; 
and 

15 obtaining the channel estimates of the data 

symbols by calculating a weighted sum of averages of 
the pilot symbols in the individual pilot blocks, 

wherein a magnitude of weighting differs between 
at least two data symbols in each slot. 

20 According to the invention as claimed in claim 

13, a CDMA receiving method of generating a data 
sequence by receiving a combined symbol sequence 
that has a plurality of slots, includes data symbols 
and pilot symbols, and is spread, comprises the 

25 steps of: 

receiving the spread combined symbol sequence; 
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generating the combined symbol sequence by 
despreading the spread combined symbol sequence; 

locating the pilot symbols in the combined 
symbol sequence; 

generating pilot blocks by extracting the pilot 
symbols from two or more slots in the combined 
symbol sequence in accordance with a located result; 

obtaining channel estimates of the data symbols 
by calculating a weighted sum of averages of the 
pilot symbols in the individual pilot blocks; 

obtaining a data symbol sequence by eliminating 
the pilot symbols from the combined symbol sequence 
in accordance with the located result; 

compensating for channel fluctuations in the 
data symbol sequence by using the channel estimates 
of the data symbols; and 

generating the data sequence by demodulating the 
data symbol sequence compensated for, 

wherein a magnitude of weighting differs between 
at least two data symbols in each slot. 

According to the invention as claimed in claim 
14, a CDMA transmitting and receiving method 
comprises the steps of: 
on a transmitting side, 

generating a data symbol sequence by modulating 
a data sequence; 
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generating a combined symbol sequence by 
inserting pilot symbols into the data symbol 
sequence; 

generating a spread combined symbol sequence by 
5 spreading the combined symbol sequence; and 
transmitting the spread combined symbol 
sequence, 

wherein the spread combined symbol sequence to 
be transmitted has a plurality of slots, and 
10 on a receiving side, 

receiving the spread combined symbol sequence; 
generating the combined symbol sequence by 
despreading the spread combined symbol sequence; 
locating the pilot symbols in the combined 
15 symbol sequence; 

generating pilot blocks by extracting the pilot 
symbols from two or more slots in the combined 
symbol sequence in accordance with a located result; 
obtaining channel estimates of the data symbols 
20 by calculating a weighted sum of averages of the 
pilot symbols in the individual pilot blocks;. 

obtaining a data symbol sequence by eliminating 
the pilot symbols from the combined symbol sequence 
in accordance with the located result; 
25 compensating for channel fluctuations in the 

data symbol sequence by using the channel estimates 
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of the data symbols; and 

generating the data sequence by demodulating the 
data symbol sequence compensated for, 

wherein a magnitude of weighting differs between 
at least two data symbols in each slot. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a 
configuration of a channel estimation unit as a 
first embodiment in accordance with the present 
invention; 

Fig. 2 is a flowchart illustrating a channel 
estimation processing by the channel estimation unit 
of the first embodiment in accordance with the 
present invention; 

Fig. 3 is a diagram illustrating, taking an 
example of the channel estimation, the principle of 
operation of the channel estimation by the channel 
estimation unit of the first embodiment in 
accordance with the present invention; 

Fig. 4 is a block diagram showing a 
configuration of a CDMA receiver as a second 
embodiment in accordance with the present invention; 

Fig. 5 is a flowchart illustrating a receiving 
processing by the CDMA receiver of the second 
embodiment in accordance with the present invention; 



- 16 - 



Fig. 6 is a block diagram showing a 
configuration of a CDMA transceiver as a third 
embodiment in accordance with the present invention; 

Fig. 7 is a block diagram showing a 
5 configuration of a transmitting processor of the 
CDMA transceiver of the third embodiment in 
accordance with the present invention; 

Fig. 8 is a block diagram showing a 
configuration of a receiving processor of the CDMA 
10 transceiver of the third embodiment in accordance 
with the present invention; 

Fig. 9 is a flowchart illustrating a 
transmitting processing by the transmitting 
processor of the CDMA transceiver of the third 
15 embodiment in accordance with the present invention; 

Fig. 10 is a diagram illustrating an example 
which inserts power control symbols into a combined 
symbol sequence; 

Fig. 11 is a diagram illustrating the principle 
20 of the channel estimation operation by a related 
art ; and 

Fig. 12 is an example illustrating received 
envelope fluctuations due to fading. 

25 BEST MODE FOR CARRYING OUT THE INVENTION 

Best modes for implementing the present 
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invention will now be described in detail with 
reference to the accompanying drawings . 
[FIRST EMBODIMENT] 

Fig . 1 is a block diagram showing a 
configuration of a channel estimation unit as a 
first embodiment in accordance with the present 
invention. A channel estimation unit 100 of the 
present embodiment obtains channel estimates of data 
symbols from pilot symbols in a combined symbol 
sequence that has a plurality of slots and includes 
the data symbols and pilot symbols. 

The channel estimation unit 100 comprises a slot 
alignment detector 101, a pilot block generator 111 
and a channel estimate acquisition section 121. 
Although the channel estimation unit 100 is 
implemented in the form of software using a DSP 
(Digital Signal Processor) (together with a memory 
that stores programs) in the present embodiment, it 
can be implemented in the form of hardware, in which 
case, components such as delay circuits are used as 
needed . 

Fig. 2 is a flowchart illustrating a channel 
estimation processing by the channel estimation unit 
of the present embodiment, and Fig. 3 is a diagram 
illustrating, taking an example that obtains the 
channel estimate of an mth data symbol in an nth 
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slot (m and n are integers), the operation principle 
of the channel estimation unit of the present 
embodiment . 

In the example of Fig. 3, the combined symbol 
5 sequence undergoes the transmission power control on 
a slot by slot basis • Although each slot of the 
combined symbol sequence in Fig. 3 consists of pilot 
symbols of a fixed length, followed by data symbols 
of a fixed length, each slot may consist of a single 

10 pilot symbol and a single data symbol, or a variable 
length pilot and data symbols. Alternatively, slots 
are allowable that consist of only data symbols or 
pilot symbols. Furthermore, the arrangement of the 
data symbols and pilot symbols can be determined 

15 freely. 

First, at step S201 in Fig. 2, the slot 
alignment detector 101 locates the pilot symbols in 
the combined symbol sequence. 

At step S202, the pilot block generator 111 

20 extracts the pilot symbols from two or more slots of 
the combined symbol sequence in accordance with the 
locating result, and generates a plurality of pilot 
blocks. In the example of Fig. 3, it extracts pilot 
symbols from (n-K+l)th to (n+K)th slot of the 

25 combined symbol sequence, where K is a natural 

n\imber which is three in Fig. 3, thereby generating 



- 19 - 



the pilot blocks. A pilot block is defined as a set 
of pilot symbols. 

Although the pilot blocks each consist of all 
the pilot symbols in a slot, they can be formed 
5 using part of the pilot symbols in the slot. 

Besides, a pilot block can consist of a single pilot 
symbol. In addition, the number of the pilot 
symbols in the individual pilot blocks can be varied 
from slot to slot. 

10 To obtain the channel estimate of the data 

symbols in the nth slot, it is not necessary to 
generate nearly the same number of pilot blocks 
before and after the nth slot as in the example of 
Fig. 3. Thus, considering the delay of the channel 

15 estimation, the pilot blocks can be generated only 
from the slots with the number smaller than 
(previous to) the nth slot. 

At steps S203-S206, the channel estimate 
acquisition section 121 obtains the channel 

20 estimates of the data symbols. First, at step S203, 
the channel estimate acquisition section 121 
calculates an average of the pilot symbols ^ 
(estimated complex fading envelope) in each pilot 
block to obtain the pilot block average ^ , which is 

25 carried out for all the pilot blocks (step S204) . 
When each pilot block consists of only one pilot 
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symbol, the pilot symbol •? itself becomes the pilot 
block average ^. In the example of Fig. 3, the 
pilot block averages ^ (n+i) are each obtained for 
the pilot blocks in the (n+i)th slot (i = -K+1 to K, 
5 where K=3 ) . 

At step S205, the channel estimates ^ of the 
data symbol is obtained by calculatj.ng the weighted 
siun of the pilot block averages ^ which are weighted 
by the weighted factors a. In the example of Fig, 
10 3, the channel estimate ^(m,n) of the mth data 

symbol in the nth slot is obtained by placing the 
weights of the (n+i)th pilot block at a(m,i). The 
channel estimate ^(m,n) is given by the following 
equation (1) . 

15 

<J(m, n)= 5^a(m,i)-^(n + i) (1) 

i=-K+l 

It is preferable to increase the weights a(m,i) 
of the pilot blocks that are closer (in time) to the 
20 data symbol (mth data symbol in the nth slot) whose 
channel estimate is to be obtained. This is because 
such pilot blocks can be considered to represent the 
state of the propagation path during the 
transmission of that data symbol more correctly 
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because the propagation path fluctuates at every 
moment . 

For example, with regard to the (m-A) th data 
symbol (A is a natural number) in the nth slot in 
5 Fig. 3, it is preferable to maximize the weight of 
the pilot block in the nth slot. In contrast, with 
regard to the (m+B)th data syinbol (B is a natural 
number) in the nth slot, it is preferable to 
maximize the weight of the pilot block in the 
10 (n+l)th slot. 

The channel estimate acquisition section 120 
iterates the foregoing step S205 for all the data 
symbols with which the channel estimates must be 
obtained (step S206) . 
15 Thus, highly accurate channel estimates can be 

obtained. 

[SECOND EMBODIMENT] 

Fig. 4 is a block diagram showing a 
20 configuration of a CDMA receiver as a second 

embodiment in accordance with the present invention. 
A CDMA receiver 400 of the present embodiment 
receives a spread combined symbol sequence which has 
a plurality of slots including data symbols and 
25 pilot symbols, and generates the data sequence. 

The CDMA receiver 400 comprises a receiving 
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section 410, a matched filter 425, a slot alignment 
detector 401, a pilot block generator 411, a channel 
estimate acquisition section 421, a pilot symbol 
eliminator 429, a data symbol sequence compensator 
5 430, a RAKE combiner 432, a deinter leaver 434 and a 
Viterbi decoder 436. Although these components such 
as the matched filter 425, slot alignment detector 
401 and so forth are implemented in the form of 
software using a DSP (and a memory that stores 

10 programs) 420 as shown in Fig. 4 in the present 

embodiment, they can be implemented with hardware. 
The structure and functions of the slot alignment 
detector 401, pilot block generator 411 and channel 
estimate acquisition section 421 are the same as 

15 those of their counterparts in the channel 

estimation unit 100 of the first embodiment in 
accordance with the present invention. 

Fig. 5 is a flowchart illustrating a receiving 
processing by the CDMA receiver of the present 

2 0 embodiment in accordance with the present invention. 
First, at step S501, the receiving section 410 
receives the received signal, that is, the spread 
combined symbol sequence . 

At step S502, the matched filter 425 despreads 

25 the received signal to generate the combined symbol 
sequence . 
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At Step S503, the slot alignment detector 401, 
pilot block generator 411 and channel estimate 
acquisition section 421 carry out a channel 
estimation processing to obtain the channel 
5 estimates of the data symbols. The channel 

estimation processing is the same as that of the 
channel estimation unit 100 (Fig. 2) of the first 
embodiment in accordance with the present invention. 
At step S504, the pilot symbol eliminator 429 

10 obtains a data symbol sequence by removing the pilot 
symbols from the combined symbol sequence on the 
basis of the detection result by the slot alignment 
detector 401. 

At step S505, the data symbol sequence 

15 compensator 430 compensates for the channel 

fluctuations in the data symbol sequence using the 
channel estimates ^ obtained at step S503 . More 
specifically, it compensates for the channel 
fluctuations in the data symbols by multiplying the 

20 data symbol sequence by the complex conjugates of 
the channel estimates ^ . 

At step S506, the RAKE combiner 432, 
deinterleaver 434 and Viterbi decoder 436 generate 
the data sequence by demodulating the compensated 

25 data symbol • sequence . The RAKE combiner 432 carries 
out the in-phase combining of the compensated data 
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symbol sequence fed from individual RAKE fingers , 

Thus, the receiving processing can achieve 
highly accurate channel estimation, and the 
compensation for the channel fluctuations in the 
5 data symbol sequence. 

[THIRD EMBODIMENT] 

Fig. 6 is a block diagram showing a 
configuration of a CDMA transceiver as a third 

10 embodiment in accordance with the present invention, 
A CDMA transceiver 600 of the present embodiment 
comprises a transmitting processor 610 and a 
receiving processor 620. In the present embodiment, 
this station (the present CDMA transceiver) 

15 exchanges power control symbols with a party 

station. The power control symbols are symbols (a 
command) for controlling power of the data symbols 
and pilot symbols. 

Fig. 7 shows a configuration of the transmitting 

20 processor 610, and Fig. 8 shows a configuration of 
the receiving processor. 

As shown in Fig. 7, the transmitting processor 
610 comprises a transmitting section 710, a channel 
encoder 722, an inserting section 724, a combiner 

25 730 and a spreader 727. Although these components 
such as the channel encoder 722, inserting section 
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724 and so forth are implemented in the form of 

software using a DSP (and a memory that stores 

programs) 72 0 in the present embodiment, they can be 

implemented with hardware. 

5 Fig. 9 is a flowchart illustrating a 

transmitting processing by the transmitting 

processor of the CDMA transceiver of the present 

* 

embodiment. First, at step S901, the channel 
encoder 722 generates a data symbol sequence by 

10 modulating (encoding) a data sequence. 

At step S902, the inserting section 724 divides 
the data symbol sequence into a plurality of slots, 
and inserts into the slots the power control symbols 
the party station uses to determine the power of 

15 data symbols and pilot symbols to be transmitted 
from the party station to the present station. 

At step S903, the combiner 730 generates a 
combined symbol sequence by inserting the pilot 
symbols into the individual slots of the data symbol 

20 sequence. The power control symbols can be inserted 
after the pilot symbols are inserted. 

Fig. 10 is a diagram illustrating an example of 
the combined symbol sequence into which the power 
control symbols are inserted. 

25 Although the combined symbol sequence is 

generated which includes the data symbols, pilot 
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symbols and power control symbol in the present 
embodiment, other types of combined symbol sequences 
can be generated. 

Returning to Fig. 9, at step S904, the spreader 
5 727 spreads the combined syit±>ol sequence to generate 
a transmitted signal (spread combined symbol 
sequence) . 

At step S905, the transmitting section 710 
transmits the transmitted signal with carrying out 

10 the power control slot by slot in accordance with a 
power control symbol sequence which is sent from the 
party station to the present station. Incidentally, 
the division of the symbols into a plurality of 
slots can be performed immediately before the 

15 transmission instead of carrying out at steps S902 
and S903. 

Next, as shown in Fig. 8, the receiving 
processor 62 0 comprises a receiving section 810, a 
matched filter 825, a slot alignment detector 801, a 

20 pilot block generator 811, a channel estimate 

acquisition section 821, a pilot symbol eliminator 
829, a data symbol sequence compensator 830, a RAKE 
combiner 832, a deinterleaver 834, a Viterbi decoder 
836, a power control symbol generator 838 and a 

25 power control symbol sequence extracting section 

840. Although these components such as the matched 
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filter 825, slot alignment detector 801 and so forth 
are implemented in the form of software using a DSP 
(and a memory that stores programs) 820 in the 
present embodiment, they can be implemented with 
hardware. The structure and functions of the slot 
alignment detector 801, pilot block generator 811 
and channel estimate acquisition section 821 are the 
same as those of their counterparts of the channel 
estimation unit 100 of the first embodiment in 
accordance with the present invention, and the 
structure and functions of the receiving section 

810, matched filter 825 and so forth are the same as 
those of their counterparts of the CDMA receiver of 
the second embodiment. Accordingly, the receiving 
processor 620 carries out the same processings as 
those of the CDMA receiver of the second embodiment 
(Fig. 5) in accordance with the present invention. 

The power control symbol generator 838 measures 
the SNIR from the pilot symbols extracted or the 
pilot blocks generated by the pilot block generator 

811, and generates the power control symbols in 
response to the measured values. As a measuring 
method of the SNIR, there is a method of measuring 
it by obtaining the average and variance of the 
received signal. The SNIR measurement can also be 
achieved using a data symbol sequence fed back after 
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decision. The power control symbols generated here 
are supplied to the inserting section 724 of the 
transmitting processor 610, which inserts them into 
the data symbol sequence to be transmitted when 
5 transmitting the next signal to the party station. 
Receiving the symbols, the party station uses them 
when transmitting a signal to the present station. 

The power control symbol sequence extracting 
section 840 extracts from the data symbol sequence 

10 the power control symbol sequence, and supplies it 
to the transmitting section 710 of the transmitting 
processor 610 to be used when transmitting the next 
signal to the party station. 

The transmission of the power control symbol 

15 sequence can be unidirectional rather than 

bidirectional. For example, the power control 
symbol sequence can be transmitted only from a base 
station, to a mobile station to control the 
(transmission) power of only a reverse channel (from 

20 the mobile station to the base station) in 
communications between the two stations. 

Thus, the transceiver can achieve in its 
processing highly accurate channel estimation and 
compensation for the channel fluctuations in the 

25 data symbol sequence. 

As described above, the present invention can 
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achieve, when performing the channel estimation of 
the data symbols, the highly accurate channel 
estimation by obtaining highly accurate channel 
estimates by calculating the sum of the pilot 
5 symbols which are appropriately weighted in the 
plurality of slots before and after the slot, to 
which the data symbol to be subjected to the channel 
estimation belongs, by using appropriate weighting 
factors for individual data symbols in each slot. 

10 The highly accurate channel estimation together 

with the compensation for the channel fluctuations 
in the data symbols on the basis of the channel 
estimation makes it possible to decide the absolute 
phases of individual data symbols by using the 

15 absolute coherent detection, and to reduce the SNIR 
needed for achieving the desired receiving quality 
(receiving error rate) . As a result, the 
transmission power can be reduced, and the capacity 
of the system in terms of the number of subscribers 

20 can be increased. 
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CLAIMS : 

1. A channel estimation unit for obtaining channel 
estimates of data symbols from pilot symbols in a 
5 combined symbol sequence which has a plurality of 
slots and includes the data symbols and the pilot 
symbols, said channel estimation unit comprising: 

means for locating the pilot symbols in the 
combined symbol sequence; 
10 means for generating pilot blocks by extracting 

the pilot symbols from two or more slots in the 
combined symbol sequence in accordance with a 
located result; and 

means for obtaining the channel estimates of the 
15 data symbols by calculating a weighted sum of 
averages of the pilot symbols in the individual 
pilot blocks, 

wherein a magnitude of weighting differs between 
at least two data symbols in each slot. 

20 

2 . A CDMA receiver which receives a combined symbol 
sequence that is spread, has a plurality of slots, 
and includes data symbols and pilot symbols, and 
which generates a data sequence, said CDMA receiver 
25 comprising: 

means for receiving the spread combined symbol 
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sequence; 

means for generating a combined symbol sequence 
by despreading the spread combined symbol sequencer- 
means for locating the pilot symbols in the 
5 combined symbol sequencer- 
means for generating pilot blocks by extracting 
the pilot symbols from two or more slots in the 
combined symbol sequence in accordance with a 
located result; 
10 means for obtaining channel estimates of the 

data symbols by calculating a weighted sum of 
averages of the pilot symbols in the individual 
pilot blocks; 

means for obtaining a data symbol sequence by 
15 eliminating the pilot symbols from the combined 
symbol sequence in accordance with the located 
result; 

means for compensating for channel fluctuations 
in the data symbol sequence by using the channel 
20 estimates of the data symbols; and 

means for generating the data sequence by 
demodulating the data symbol sequence compensated 
for, 

wherein a magnitude of weighting differs between 
25 at least two data symbols in each slot. 
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3. A CDMA transceiver including a transmitting 

processor and a receiving processor, 

said transmitting processor comprising: 

means for generating a data symbol sequence by 
5 modulating a data sequence; 

means for generating a combined symbol sequence 

by inserting pilot symbols into the data symbol 

sequencer- 
means for generating a spread combined symbol 
10 sequence by spreading the combined symbol sequence; 

and 

means for transmitting the spread combined 
symbol sequence, 

wherein the spread combined symbol sequence to 
15 be transmitted has a plurality of slots, and 
said receiving processor comprising: 

means for receiving the spread combined symbol 
sequence; 

means for generating the combined symbol 
20 sequence by despreading the spread combined symbol 
sequence; 

means for locating the pilot symbols in the 
combined symbol sequence; 

means for generating pilot blocks by extracting 
25 the pilot symbols from two or more slots in the 
combined symbol sequence in accordance with a 
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located results- 
means for obtaining channel estimates of the 
data symbols by calculating a weighted sum of 
averages of the pilot symbols in the individual 
5 pilot blocks; 

means for obtaining a data symbol sequence by 
eliminating the pilot symbols from the combined 
symbol sequence in accordance with the located 
result; 

10 means for compensating for channel fluctuations 

in the data symbol sequence by using the channel 
estimates of the data symbols; and 

means for generating the data sequence by 
demodulating the data symbol sequence compensated 

15 for, 

wherein a magnitude of weighting differs between 
at least two data symbols in each slot. 

4. The CDMA transceiver as claimed in claim 3, 
20 wherein said transmitting processor further 

comprises means for inserting into the data symbol 
sequence a power control symbol sequence for 
controlling power of the data symbols and pilot 
symbols . 

25 

5. The CDMA transceiver as claimed in claim 4, 
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wherein said receiving processor further comprises 
means for measuring from the pilot symbols a signal- 
to-noise and interference power ratio, and for 
generating the power control symbol sequence from 
5 the signal-to-noise and interference power ratio. 

6. The CDMA transceiver as claimed in any one of 
claims 3-5, wherein said receiving processor further 
comprises means for extracting, from the data symbol 

10 sequence compensated for, the power control symbol 
sequence for controlling power of the data symbols . 
and pilot symbols, and said means for transmitting 
the spread combined symbol sequence transmits the 
spread combined symbol sequence in accordance with 

15 the power control symbol sequence. 

7. The equipment as claimed in any one of claims 1- 

6, wherein the power of the data symbols and pilot 
symbols is controlled on a slot by slot basis. 

20 

8 . The equipment as claimed in any one of claims 1- 

7, wherein the number of data symbols included in 
each slot of the combined symbol sequence is the 
same, and the niomber of pilot symbols included in 

25 each slot of the combined symbol sequence is the 
same . 
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9. The equipment as claimed in any one of claims 1- 

8, wherein the pilot blocks each consist of all the 
pilot symbols in each slot. 

5 

10. The equipment as claimed in any one of claims 1- 

9, wherein when obtaining the channel estimates of 
the data symbols in an nth slot in the combined 
symbol sequence, where n is an integer, the pilot 

10 blocks are generated from (n-K+l)th slot to (n+K)th 
slot in the combined symbol sequence, where K is a 
natural number. 



11. The equipment as claimed in any one of claims 1- 
15 10, wherein the pilot blocks closer to the data 
symbol with which the channel estimate is to be 
obtained have a greater weight. 

12 . A channel estimation method of obtaining channel 
20 estimates of data symbols from pilot symbols in a 
combined symbol sequence which has a plurality of 
slots and includes the data symbols and the pilot 
symbols, said channel estimation method comprising 
the steps of: 

25 locating the pilot symbols in the combined 

symbol sequence; 



- 36 - 



generating pilot blocks by extracting the pilot 
symbols from two or more slots in the combined 
symbol sequence in accordance with a located result; 
and 

5 obtaining the channel estimates of the data 

symbols by calculating a weighted sum of averages of 
the pilot symbols in the individual pilot blocks, 

wherein a magnitude of weighting differs between 
at least two data symbols in each slot. 

10 

13 . A CDMA receiving method of generating a data 
sequence by receiving a combined symbol sequence 
that has a plurality of slots, includes data symbols 
and pilot symbols, and is spread, said CDMA 
15 receiving method comprising the steps of: 

receiving the spread combined symbol sequence; 

generating the combined symbol sequence by 
despreading the spread combined symbol sequence; 

locating the pilot symbols in the combined 
20 symbol sequence; 

generating pilot blocks by extracting the pilot 
symbols from two or more slots in the combined 
symbol sequence in accordance with a located result; 

obtaining channel estimates of the data symbols 
25 by calculating a weighted siam of averages of the 
pilot symbols in the individual pilot blocks; 
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obtaining a data symbol sequence by eliminating 
the pilot symbols from the combined symbol sequence 
in accordance with the located result; 

compensating for channel fluctuations in the 
5 data symbol sequence by using the channel estimates 
of the data symbols; and 

generating the data sequence by demodulating the 
data symbol sequence compensated for, 

wherein a magnitude of weighting differs between 
10 at least two data symbols in each slot. 

14. A CDMA transmitting and receiving method 
comprising the steps of: 
on a transmitting side, 
15 generating a data symbol sequence by modulating 

a data sequence; 

generating a combined symbol sequence by 
inserting pilot symbols into the data symbol 
sequence; 

20 generating a spread combined symbol sequence by 

spreading the combined symbol sequence; and 
transmitting the spread combined symbol 
sequence, 

wherein the spread combined symbol sequence to 
25 be transmitted has a plurality of slots, and 
on a receiving side. 
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receiving the spread combined symbol sequence; 

generating the combined symbol sequence by 
despreading the spread combined symbol sequence; 

locating the pilot symbols in the combined 
5 symbol sequence; 

generating pilot blocks by extracting the pilot 
symbols from two or more slots in the combined 
symbol sequence in accordance with a located result; 

obtaining channel estimates of the data symbols 
10 by calculating a weighted sum of averages of the 
pilot symbols in the individual pilot blocks; 

obtaining a data symbol sequence by eliminating 
the pilot symbols from the combined symbol sequence 
in accordance with the located result; 
15 compensating for channel fluctuations in the 

data symbol sequence by using the channel estimates 
of the data symbols; and 

generating the data sequence by demodulating the 
data symbol sequence compensated for, 
20 wherein a magnitude of weighting differs between 

at least two data symbols in each slot. 
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ABSTRACT 



There are provided a channel estimation unit for 
achieving highly accurate channel estimation, a CDMA 
5 receiver and a CDMA transceiver with the channel 
estimation unit. Channel estimates of data symbols 
are obtained from pilot symbols in a combined symbol 
sequence which has a plurality of slots and includes 
the data symbols and the pilot symbols. First, the 

10 pilot symbols in the combined symbol sequence are 
located. Second, pilot blocks are generated by 
extracting the pilot symbols from two or more slots 
in the combined symbol sequence. Third, channel 
estimates of the data symbols are obtained by 

15 calculating a weighted sum of averages of the pilot 
symbols in the individual pilot blocks . The 
weighted sum is carried out using appropriate 
weighting factors for individual data symbols in 
each slot. This enables highly accurate channel 

20 estimation. 



- 40 - 



1112 




CO 
Q 



MS 



!E<0 
IMM 



ICQ 



OtCQ 



o 
o 



SLOT 
ALIGNMENT 
DETECTOR 




PILOT BLOCK 
GENERATOR 







2/12 
( START ^ 



LOCATE PILOT SYMBOLS IN 
COMBINED SYMBOL 
SEQUENCE 




< 


GENERATE PILOT BLOCKS 
BY EXTRACTING PILOT 
SYMBOLS FROM AT LEAST 
TWO SLOTS IN COMBINED 
SYMBOL SEQUENCE 









CALCULATE A 
PILOT SYI4B 
PILOT BLOCK 
PILOT BLO 


N AVERAGE OF 
OLS IN EACH 

TO OBTAIN A 
CK AVERAGE 



S201 



S202 



S203 




OBTAIN A CHANNEL ESTIMATE 
OF EACH DATA SYMBOL 

BY CALCULATING A 
WEIGHTED SUM OF THE 
PILOT BLOCK AVERAGES 



S205 



OBTAIN THE CHANNEL 
ESTIMATES FOR ALL THE 
DATA SYMBOLS ? 



YES 



4/12 



CO 



1 



Opt: 



*iJjWE-« 



in 

CM 



5 






O 



5/12 



( START } 



RECEIVE RECEIVED SIGNAL 
(SPREAD COMBINED 
SYISBOL SEQUENCE) 



I 



GENERATE COMBINED SYMBOL 
SEQUENCE BY DESPREADING 
RECEIVED SIGNAL 



CARRY OUT CHANNEL 
ESTIMATION PROCESSING TO 
OBTAIN CHANNEL ESTIMATES 
OF DATA SYMBOLS 



OBTAIN DATA SYMBOL 
SEQUENCE BY ELIMINATING 
PILOT SYMBOLS FROM COMBINED 
SYMBOL SEQUENCE 



COMPENSATE FOR CHANNEL 
FLUCTUATIONS IN DATA SYMBOL 
SEQUENCE USING CHANNEL 
ESTIMATES 



GENERATE DATA SEQUENCE BY 
DEMODULATING DATA SYMBOL 
SEQUENCE COMPENSATED FOR 



END ^ 



F/G.5 



6/12 



600 



CDMA TRANSCEIVER 


610 






TRANSMITTING 






PROCESSOR 




620 






RECEIVING 






PROCESSOR 









F1G.6 



7/13 



CO wrii 




8/12 



CO 



g g 



<7t 
CO 












1 




H 




3 


H 


M 









9/12 



START ^ 



GENERATE DATA SYMBOL 
SEQUENCE BY MODULATING DATA 
SEQUENCE 



DIVIDE DATA SYMBOL SEQUENCE 

INTO MULTIPLE SLOTS, AND 
INSERT INTO INDIVIDUAL SLOTS 
POWER CONTROL SYMBOLS 



GENERATE COMBINED SYMBOL 
SEQUENCE BY INSERTING PILOT 
SYMBOLS INTO SLOTS OF 
DATA SYMBOL SEQUENCE 



GENERATE TRANSMITTED 
SIGNAL BY SPREADING 
COMBINED SYMBOL SEQUENCE 



TRANSMIT TRANSMITTED 
SIGNAL 



S901 




S902 





S903 



S904 




S905 




END ^ 



FIG.9 



10/12 




12/12 



RECEIVED ENVELOPE 
FLUCTUATIONS IN 
FAST FADING 




RECEIVED ENVELOPE 
FLUCTUATIONS IN 
SLOW FADING 



F1G.12 



PCX 



m ^ ^ m m 




(51) mm^f^me 

H04J 13/00 



Al 



(11) 

(43) SEg^^ » 



W099/31835 



1999^^240(24.06.99) 



(21) S8sas#^ 

(22) SBSttSP 

(30) &9cm'f-^ 

«rS¥9/349609 



PCT/JP98/05727 
1998^12^ 17 0(17.12.98) 

1997^12^18 0(18.12.97) JP 



(71) fflSA (*^$:^<-^--<r^o}§3£@^;lo^<^x) 
51 • • -r^sg^Siafii^ft^^ti^Nrr MOBILE 

COMMUNICATIONS NETWORK INC.)[JP/JP] 

=r 105-8436 MMW^m^A / " T @ lOSl Tokyo. (JP) 

(72) ; *3<tt/ 

(75) %^#/mMA (*S(c:ov^To;^^) 

Sffl ffi ^tf (ABETA, Sadayuki)lJP/JP] . 

T239-0841 ♦*^JIIiIR«^amSFit4-18-4-102Kanagawa,(JP) 

teftffi^CSAWAHASHI. Mamoni)[JP/JP] 

T236-0052 #«Jliaeiftm^«KSPi9ffilTi59-17 

Kanagawa, (JP) 

^SS:^(ADACHI, Fumiyuki)[JP/JP] 

¥236-0052 ^^}mm.skin&R^mmw6T^\2-4 

Kanagawa, (JP) 



(74) ftSSA 

#31± « 8— (TANI, Yoshikazu) 

T 1 07-0052 mSC«SK5SS2T B 6-20 Tokyo, (JP) 

(81) t^mm CA, CN. KR, US. BCiW^ff (AT. BE. CH, CY. 
DE. DK, ES. n, PR, GB. OR, IE, IT, LU. MC, NL. PT. SE). 



(54)Title: CHANNEL ESTIMATION DEVICE, AND CDMA RECEIVER AND CDMA TRANSMITTER/RECEIVER HAVING 
THE DEVICE 

(54)^^ (O* ^ f - -V ^/Ht^tiSg * h WcUm^ X.fcCDMASfiSa*5 i CDMAjSSft^S 



A channel estunation device which 
performs channel estimation with a high 
precision and a CDMA receiver and a CDMA 
transmitter/receiver which have the diannel 
estimation device. The channel estimation 
values of data symbols are obtained from pilot 
symbols of a synthesized symbol sequence 
which has a plurality of slots and includes data 
symbols and pilot symbols. First, the positions 
of the pilot symbols in the synthesized symbol 
sequence are found. Then, the pilot symbols are 
taken out of the synthesized symbol sequence 
through two or more slots to produce a pilot 
block. The average values of the pilot symbols 
included in the pilot block are appropriately 
weighted and summed up to obtain the channel 
estimation values of the data symbols. The 
weighted summing is performed by using 
appropriate weights for the data symbols in one 
slot With this constitution, the channel 
estimation with a high precision can be 
realized. 




f 



(57)^^ 



AE TyT/t-fisa^ 

AL TA^^<=^r 

AM TA^i^^r 

AT ;^hyT 
AU ;*h9 5r 

A 2 r-tfA'/<^v^-ri^ 

BA #X^r •^v^:5'*=fl^'•^ 
B B -K/i/A Kx 
BE ^^f- 
BF ff^-r-vrv 
BG -fi^is^yr 
B J r<-^:^ 
BR r^e^/w 

BY '<9/t^t/ 

CA ^-f^^ 

CF ^%Tyyii3 

CG 3V:rf— 

CH X^Jt 

CM 

CN (PB 

CU X . 

cy ^fxiT. 

C2 

DE K-ry 

DK x>^"^ 

EE :tjiK^T 



ES 




L I 


F I 




LK 


FR 




LR 


GA 




LS 


GB 




LT 


CD 




LU 


C£ 




LV 


GH 




MC 


CM 




MD 


CN 




MG 


cw 




MK 


CR 






HR 




ML 


HU 




MN 


I D 




MR 


I E 




MW 


I L 




MX 


1 N 




NE 


I S 




NL 


I T 




NO 


J P 




NZ 


KE 




PL 


KG 




PT 


KP 




RO 


KR 




RU 


KZ 




SD 


LC 




SE 



50 '>i'JEfiK-/u 

51 XoC^iS^T 

SK T^u^r^r 

S L • 1^*4 

SN •fe^;tf/i' 

52 X7i?9>K 
TD ^-t-K 
TG 

TM VA^9i^^:^9> 

TR h/wa 

TT hy = 5^?^K- hA:^ 

UA ^^9-f-#" 

UG ^ifvy 

US j)&B 

UZ 

VN 

YU X^CT 

2 A BfT7y^;*ftS 

2w •:?y/<:/3: 



wo 99/31835 



PCT/JP98/05727 



1 

mmm."^) ^fir^§lfi=i^mc^^g^^tx./^CDMA (code Division 
Multiple Access I ^^5i%^lt^^) Sffi^MiScty^C DMAi^^ffl^glCMI-'So 

- 7 i - V > iJ^njSH L;t:Mf- ^ ^ )\'<r>mm.n. mmnij'^-fh „ -eoTt 

i6> T'-:5' (if^) ^^ii?!fe{iffl-cfE3ii-^fi[ffi^p:^^*ic;fev^T{±. ^ 

^Jx.{f2fflfS:ffi^P:^^ (BPSK^P) tJtlSjLT. |W|DSNIR(Signal-to- 
Noise and Interference power Ratio I • i^^m:tJJt) T-^^S 



wo 99/31835 



PCT/JP98A)5727 



2 

C: <r> Po^M t-*t L\ l : "Rayleigh Fading Compensation for QAM in Land Mobile 
Radio Communication: Seiicbi Sampei and Terami Sunaga, IEEE Trans. Vehicular Technol. 
VT-42. No.2, May 1993"-C{i. T-^'yV 'K^l'K JC-^^Sg-Cif A ;g ilfzmm.^ 

C:iX}I^>f Lx ~SCM.2 '. "Channel Estimation Rlter Using Tune-Multiplexed Pilot 
Channel for Coherent RAKE Combining in DS-CDMA Mobile Radio: Hiddiiro Ando et.al, 
lEICE Trans. Commun. V0I.8I-B, No.7, July 1998""C{i, J: >5 < (^^/nM n h v > 

DS-CDMA (DirectSequenceCDMAIiS^JttScCDMA) 0± 1) f--\'^;i/jci5 
v^T, -ftfeJ-— 9-><bOffi£ffiMtcfeHt^^^m#tz*t LT S N I R -^mm-^ 

7 X - V i>"a$&j|Hi^<t : estimated complex fading envelope) <^spj$j ^ 



wo 99/31835 



PCT/JP98/05727 



3 

« 

mmx'^^o 

m^if. mmzi^^^x. n^E(r>xuy y(7)m-A^^ (A : g^ic) (or 
~^i^>ji-:)vi,zMLXi>. m+B#i {B:^mW) <or-^ y>^:)i^iznLX 

mcM^itimm.a (0) . a ii) ^^m^^x^\:^^r^)l^m^mi (n) 



wo 99/31835 



PCT/JF98/0S727 



4 

L^wJ&^oT> |WIi:;^ny hrtof-^' v^z-^^-czfe or ^ti^iKDT-^ 
1 2 0 5. 1 2 1 0. 1 2 1 5. 1 2 2 OisXVl 2 2 5 {i. nMy^-i^y^r 

mziiif^-^(Dmmmrt(D^m^^mmi:w^-r,^.T^:^, .^1255. 

1 2 6 0. 1 2 6 5^X1/1 2 7 Ot±. j^--y> m^Z^ ^^C-^O 

i^ii 7 X ~ V > {i , ® 7 ^ - V > m t it^r^m^i^mmji)'^^ § 

Lfw*«oT. #tci^ig7x-i;>;j^it{cji, |wii:xD«;; ^l^(75f'-^>>>,ie 
*tl^^^ T r~ ^ V > r t ^zmim^i ^ m^t ^ i t *5-c # . 



wo 99/31835 



PCT/JP98/0S727 



5 

h V > t^)V:^^ hmBr-^'yy t')\^<D f - -v ^ SrTOi- ^i-^^ 

;s c D M A ^m^m T- o r . frIBtfitS: $ tv/^ -g-sK v > )V^n i^^t^^m 

t . HUiB^ffiM:^H^o* § , lirlB'^E V > '■K^i'^^iJ^i^ f> MB/^M o h -> > 
=5:15^* L T T'- ^ V > t . HtflBr'- iJ' v> jK^KTjMB^ ^ 



wo 99/31835 



PCT/JP98/05727 



6 

HirfB^^v>**;W^^Jlci3lt-2.fltrl5/NM D'> V v>**;K^)^g:^:^ai■r 
tt 5fc ^ t ^ C t 1 1 ^ o 
^^\zmkfz:iii^mWitt^o 

6 tcie®<^|&9?l±, if 3 L 5 <^v^-f ^^55^^;E«^OC DM A^S 



wo 99/31835 



PCT/JP98/0S727 



7 

Mie^fifev > **;i/^>?ijc7)^x n -7 h T-9'yy **;i/C7)^{±|^--c^> »J ^ 

1 0 \zWM(r)^WU m%-^ 1 L 9 cOv^-rtL754cEm<^^mic*5v^ 

>'jK;i/m^J4'c^ (n-K+l) Hg (K(i^^l^) <r>7.u v Yis-h (n + K) # 
m%-^ 1 1 ms^<^ll^{i^ 1 Jfcv^ L 1 0 (0\^'fivfi-\z%W)m.m^^ 



wo 99/31835 



PCT/JP98W)5727 



8 

/N- ^ n 7 h -> > ;K ;u S: Ifei t T -r- iJ' V > ?!l#-t -5) X x 7 1 . flu f fi 



wo 99/31835 



PCT/JP98A)S727 



9 

^ o 
^ o 

H 5 {±. 2 C DM ASM^gtw J: h ^-ff M^^r^ 



wo 99/31835 PCT/JP98AIS727 



10 

mi on. MijMmi^>'^)i^i!)mx^fitz^^i^>t^n^^n(om^^-rmxi!> 

^ o 

mi mmtmizx^^^:^)i^m^<7)mmM^7ri'rmx$>^o 
im 1 

^ V > .if ;p t /nM n 7 h > /i?;!/ 1 'Sr-^tf'^^ v >jK;v^?iJo>'nM n y b v > .-je 

1 0 0 {i. X o «y b IWj^^tiigiS i o l . /nM n ^ h 7 
OOli. :*:^i&f^.^l^i3V^T{i. D S P (Digital Signal Processor) (iJ i -/n^^y 



wo 99/31835 



PCT/JP98/05727 



II 

0 2 ti , ^^mwM ^ f - -v ^ )vm^^w. izx^i-^^ j^m^^mm =^ 

ys 2 0 2^zi>v^T^ ;^-r-;'-/S 2 0 1 c7):^ai^:^tcSo*$, /nM0 7 

T-ti. (n-K+1) §i Ktig^icC*)!). 0 3 0«?!]-e{iK= 3 t 

oxn 7 b (n+K) #g<^xn 7 b * T'lci5V^T> -^^v^^K 
;V'^?iJ:*^ib>'AMn7 b vi'^i^'^P^flXlJtBL^ MMn7 b 7 :J'^^^LTv^^o 
a 7 b 7 ^±/^M n 7 b 'yyt^)\^<D^^X'^^o 
^^M'Jf^Biz^^'Xli. XD7 brt<^-r-<T<7)>'N°'i'n7 b v>**;i'ici: Ij/nM 
07 b7'n7:J'5:?^^LTv»-&^s, ;^n7 brt<^— g|5(^>'^M o 7 Vi^y^^MZX 
O/NMoy b7'n7^=S:?^^LT'fc J:v>o 1 /nM n 7 b v ^'K^l'tr i l 

yN->fn7 h ru y i; i^^-f^ ^ t iiX ^ ^hK, /nMd 7 brn7^'tc# 



wo 99/31835 



PCT/JP98/»S727 



12 

X-r •;'yS 2 0 3~S 2 0 6 t'iJV^-C. 1 2 1 IZJ: »)^ 

^ V > **;i.of- A- ^ ;Wii^m-S:Dl#t -So ^■r^ Xx>y7'S203 T^nM n «y 

h-/n7^{Cov^TiJf-5 (;^"f y T^S 2 0 4) o n 7 h <y ^ m ^n'^ 

vUD 7 hyn y i^3pjt,^|t*::&o ll3c7){aiT-{i. n + i li=Bc7)>;n ho/-? 
^D7hyny:Jr (i=-K+l~K, K = 3) <^#>^tcov^T/N*^ n y h y 
i^¥^^ffi| (n+i) 5r5l#tTv^^o 

n+ i #§cO/NMn7 byn-y^om<^#^«-a (m, i) ttX. n^^<D7. 

h<Dm^S(r>r'-^i/yt^P(D^^^)m^m^ (m, n) ^imLX\^^^o 
^^^)l^m^m^ (m. n) (i^ (1) X^lhfi^o 

|(m, n)= |;a(m,i) |(n+i) (1) 

i=-K+l 

m^%WLa (m, i) f-i'^>;i/a^M=^TOLJ:dt1-*7'--^' 



wo 99/31835 PCT/JP98/0S727 



13 

m^ii. UStciJV^T, n^E(D7.U'y h<Dm-A^E (A : g^?^) <Dr- 
<t^Ztt^ttl-tL^^o tfz. n§i<D;^n y K7)m+B#B (B : 
<^m<^# It ft ;^ l< 1- S C W * L v^o 
v>*';l/tiov^T^f 9 (^f-y-fS 2 0 6) o 

CDMA^#^tt4 0 0I±. 10. v-;/^b-7'f ;i/^'4 2 5. y 

4 2 1, /nM n y h V > **;H^*gi5 4 2 9. t*- ^ > ^'^^m^JfflM 4 3 0, 
l^^^^^UA 3 2. f-f '<>'^'-';-/N*4 3 4x iJil/lf^' tr^-t?a54 3 6 5: 

;^n7 hPl^^m*B4 0 I^JIDSP (i5 J: tF:/ni7^i^^f&jfifiLfz>< •=£:';) 4 
2 om: 15 7 7 h-i/xTt fC^a$tL-Cv^-5;*f, /N- K<t7x7t tmSLr 
iiXy^\ XD7 Ms|^^HiSI5 4 0 K n y h^n ^'^^g|S4 1 liJiU^^-t' 
^-«^m#gP4 2 K^^t^iJctlTMfi. *l§§g<^^l^JfeS^lc#^f-^ 

.^■^ ^I'^i^^g 1 0 0 (DtiJi^^t ^mmt mmx-i, ^ » 

- h-C*^o ^-f. J^-r-yyS 5 0 1 tciJV^T. §M4 1 01" J: 



wo 99/31835 



PCT/JP98/05727 



14 

-yys 5 0 2 ^ci3V^-C^ v^-^ h7-r.;u^ 4 2 StCi 13^ ^##-^=^is&t£ 
IS: LT-^ESc V > ^^^1- ^ » 

X-r yT'S 5 0 3 tC:fev^-r> ;^ n 7 M^fl9^{ligt4 0 1 . /n"^ n h y ^ 
4^4 1 li5j:Of-^^^wi/a^M#gl5 4 2 1 tci ^ ^ ^ )Vm%^m'kff 

2) tWim.'^iiZ>o 

:^7^-y/S 5 0 4 Ci5V^T. n -;; f v>x|?;i/^*gi54 2 9tr<t f). >^n y 
h H^SIttBSB 4 0 1 O^ffi$gmtc*o* I , V > **;i/^.^J:6^t,^N-.f n y b v > 

•yT'S 5 0 5(Ci3V^T. t'-^ >5K;i/m^J1iM4 3 0 J; I3 , 7.^v 

XT^y ys 5 0 6 iCi3\/»T> U^':J''&^g|S4 3 2^ t^'T ^ > ^J' - 'J -/^*4 3 4 
-:J'^.^J=Sr^figt^o l^'f i^-g-fiicgi54 3 2T'Ji. ^ if •? ^ yiSii^h<r>^'^^ 

m 6 2{i:|&^<^^ 3 mn^MKm^ C DM A^$#g®<^il^M=^^■rgl•e 



wo 99/31835 PCT/JP98/05727 



15 

i^msas 6 1 0 co^fiSf^ ^mi\z. ^m^m.u<r>mm\ s- 0 s n^-r » 

0 7 tc^l-i ^ IC, ^HmMSUe 1 0 fi. ^€§15 7 1 O s a^ii^^^-^-fbSB 7 2 
2. JfAfl57 2 4. '^M? 3 0. ^XXfmiUl 2 7^1ix.-&o 
joV^Tti. ffim^?-t'fbSB7 2 2. }fAgiS7 2 4^{iDSP (i3 JiO^yn^yA 

111 9 (i, c DM A^s^^Mo^MMs&jc J: ^mm^mm 

yys 9 0 2 Hi5V^T^ }f ASB 7 2 4 tc J: >5 . f'-:?' v >4^*;U^^J§:^t|g: 

;^x-;'7'S 9 0 3 HiJV^-C. -g-fiKSP 7 3 0 i , f'-^' v:^**;u^^J(^#X 
:^JS^J^v>;K;^<o^fA*^ /-«^ny h->>''-K;KO}fA<^^T*^fd i-?tctr^> J: 



wo 99/31835 PCT/JP98/05727 



16 

;^n7 h-s(7)^gjii, x-r7rs 9 0 2iJ<tDfS 9 0 3 W t>-r(C, ii'fi<^Sfr 

^i/^' 8 2 5^ xuy hmm^mus o k /un^ vytiyi7^u8 1 k f--^ 

^ ;^a^'li^5^^#g|i 8 2 1. ^N'-f o 7 h V > 8 2 9. t*- ^ v 

f^mmusso. iT'tms 3 2. 7''f'f>^-'j-^N*8 3 4. tf^tr^g-f- 

gi5 8 3 6 . m:tl®m V > '-K;!.^^^ 8 3 8. isX V^^timm v > 'K.'wm^JflJtaigB 
8 4 0 ^-fiSx-^o ^^ifeJ^^tc^v^Tfi. v^f- h ^-f 8 2 5. MWJ 
mfflg|58 0 l^fiDSP iiiXXZ-fuifyi^^^mLfz^^V) 8 2 0iCj;f) 

c -7 M5||S^aigP8 0 1 . /nMci 7 hrn 7 ^J'^^gUS 1 1 HXX/^^r ^)\^m^ 

^Ml 0 0 WJS1-'&g^tl^^T**So $<igl58 1 0. v->f-h7'f;v 
^ 8 2 5^om*5J:«igli. *l&?g<^^2||ife?^St;#;E,CDMA$#^M 

2mmmmK%^cDUA^mmm<D^m^m ms) tmm<ofi!i-mi)^nt>ti>bo 
=S:iBO^L. ^Kom^mizm-o^^xmMm'yyt'ju^^^ir^o c^r-. sni 



wo 99/31835 



PCT/JP98fl)5727 



17 

mK(r>h.^^-t^^^\z\.x^i.^^o 



wo 99/31835 PCT/JP98yOS727 

18 

St. 



wo 99/31835 PCT/JP98/0S727 

19 

u 

mmkn^ixtz^^v>t')i^^mi^m-t^^^t. 



wo 99/31835 



PCT/JP98/05727 



20 

lt:6*M«: ^ ^ i: thmm.o 

-> > '-K^um^J ^rfrlBf'- > 5^*;i/m^J A-r -S^g $ ^ ^ t ^# 



wo 99/31835 PCT/JP9»0S727 

21 

8 . 1 ^ L. 7 ov^-f tL/6HcEIK<^^SlC:fev>T. Mm^^^^y > 

9. 1 L 8 Ov^-f tL:d»tc|e®(0^Mt3i5V^T. f^iB^^M n h :rn y 

-K+ 1) #g (K{±g^|?5:) oxny YH^h (n + K) #i0^n7 h^-etc 



wo 99/31835 



PCT/JP98/05727 



22 

M^m^jun-t ^^^^ j^^^umx'^ o T> 
ft. 

m^.. 1 >^ D -y h rt(7)/>;^ < ^ 2 o(^f ^> ^-'K^i'or^-ems^^^ftft 

<7) :^ § ^ ^ i t -J- C i: =^ i: 1- ^ ^fe o 
ft. 

mimmm'^^-:^^. 2\>x±.<o7.uyY},z^y,^x. mt^^WL'yy^:)v^m- 



wo 99/31835 - PCT/JP98/05727 

23 

L T 7*- 3^ V > ;i/^9!J M^t ^ ;^ r y y t . 

$rflx., 1 ;^Dy hF«3<^^i?!&< i: ^> 2oo■7'-:?'i/>,-K;^(7)FB^■e^|ea;5,'^^^t 
14. CDMA^t$#:&&T^oT. 

t. 

f-y-ft^ 



wo 99/31835 I»CT/JP98A)S727 

24 



1/12 



m 



CO 
Q 



m 











► 



IS 



PCT/JP98/05727 



2/12 



T 



S202 



S203 




S205 




FIG.2 



wo 99/31835 



PCT/JP98/05727 




wo 99/31S35 



PCT/JP98/05727 



4/12 




wo 99/31835 



PCT/JP98/05727 



5/12 



(ffiii[$n;c^lc1o/7ttji/^?u) 



1 




I 



(ZED 

FIG.5 



S501 




S502 



S503 




S504 




S505 



3506 



wo 99/31835 PCr/JP98rt)S727 

6/12 



600 





610 








620 













wo 99/31835 



PCT/JP98/05727 



7/75 




CO 

Q 



JtS! 



wo 99/31835 



PCT/JP98yDS727 



8/12 



CO 

oo 



I 

IK 



CO 



S 



6 



CO 



/7n 



93 
1« 



□ 
V 



OO 



-5 



CO 



/ ■HO 



T 













V 


















vifiig 





















k7\ 



So 

!ll!Sr< 



□ 

□ 
V 




CO 
CO 



J 



V 

r>^^ 



OO 



m 

OO 



< 



I !7=r=' 



T „ 

'mm 

-R/^ !!!!SK 

iiff/7\ mm. 



I 



6 



OO 



oin 
ling 
lUig 
9b{ 




00 



wo 99/31835 



PCT/JP98/05727 



9/12 



1 




1 



T 



1 



S901 



S902 



S903 



S904 



^ S905 

r 



FIG.9 



wo 99/31835 



PCT/JP98y05727 



10/12 




wo 99/31835 



PCT/JP98A)S727 




99/31835 



12/12 



FCT/JP9Sn>S727 




FIG.12 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP98/05727 



A CLASSIFICATION OF SUBJECT MATTER 
Int.Cl^ H04J13/00 

According to International Patent Qassification (IPQ or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentatiai searched (classification system followed by dassificatioo symbols) 
Int-Cl* H04J13/00 



Doaimentation parched other than minimum documentation to the «t«it that such documents are included in the fields searched 
Jitsuyo Sha^ Kbho (Yl, Y2) 1926-1997 iy>roku Jitstayo Shlnan Kbho lv)^9^ 
Kokai Jxtsuyo Shinan Kbho (U) 1971-1999 Jitsuyo Shinan Otoroku Kbho (Y2) 1996-1999 



Electronic data base consulted during the international search (name of data base and, where pracUcable. search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



atation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim Na 



PA 



PA 



PA 



JP, 10-51424, A (NTT Mobile Communications Network 
Inc . ) , 

20 February, 1998 (20. 02. 98), 
Fig. 3 (Family: none) 

JP, 10-190522, A (NTT Mobile Communications Network 
Inc . ) , 

21 July, 1998 (21. 07. 98), 
Fig. 3 (Family: none) 

JP, 10-190494, A (Fujitsu Ltd.), 
21 July, 1998 (21. 07. 98), 
Fig. 3 (Family: none) 



1-14 



1-14 



1-14 



Further documents are listed in the offlitinuation of Box C Q See patent family annex. 



Special categories of dted documents: 
document defining the general stateof the art which is not 
considered to be of particular relevance 
E* eartier document but published on or after the inteniational filing date 
"L* document which may throw doubts on priority chum(s) or which is 
dted to establish the publication date of another dtation or other 
special reason (as fipedfied) 

document refecring to an oral disdosore, use, cxfaibitioo or odter 
means 

P" document published prior to the international Cling date but later than 
the priority date daimed 



later document published after the intematiooal filing date or priority 
date and not in conflict with the appUcation but dted to undeisbiid 
the principle or theory nnderlying die inventim 
documeot of particular relevance; the claimed invcntioo cannot be 
considered novel or cannot be coBStdered to involve an inventive step 
wbcn the document is taken alone 

document of particuhirrelevattoe; the daimed ioventiott cannot be 
considered to hivohre an inventive step when the document is 
combined with one or more other such documents, soch combioatioa 
betog obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
3 March, 1999 (03. 03. 99) 


Date of mailitig of the international search report | 
16 March, 1999 (16. 03. 99) | 


Name and mailing address of the ISA/ 


Authorized officer 1 


Japanese Patent Office 


Facsimile No. 


Telephone No. | 


Form FUl n^Afno (second sheet) (July 1992) ' 



m^mm^^ pct/j p9 s/o 5727 



A. ^m(DBii-^^m<Di^m (@^«*sf5>® (i po ) 

I n.t. C 1 • H04 J 1 3/00 



aS^frofca/MSSlsf (IPO) 

I n t. C I • HO 4 J 1 3/0 0 



0*S3lffla*^^ (Y1,Y2) 1926-1997 

0*:S^railffi*ff5g^a (U) 1 9 7 1-1 9 9 9 

0*Sa»llfflifr^i£^« (U) 1994-1999 

B^SH^ffSgSS-S^a (Y2) 1996-1999 









PA 


th). 20. 2^. 1998 (20. 02. 98),I13 (:7 7$ 


1~1 4 


PA 


^tt) ,21. 7n. 1998 (2 1. 07. 98). 1^3 (7r 
5 y — JtC L) 


1~1 4 


PA 


J P. 1 0-1 904 9 4, A (S±iitt^^tt) , 2 1. 7M. 
1998 (21. 07. 98). 133 (>'T$y-/jJL) 


1~1 4 



r&j l^-^^7^vh:7r ^ y-JtSt 



0 3. 0 3. 9 9 


f 6.03,99 


0*a«FflPif (I SA/J P) 
aSfiES-gr 1 0 0-8 9 1 5 


^ISS-^ 03-3581-1101 ^ 


5K 


8 124 


3 5 5 5 



SI^PCT/I SA/2 1 0 (m2^-'y) ( 1 9 9 8^7^) 



